The spectrum of nucleons and their parity partners is studied as a function of temperature spanning the deconfinement transition. We analyse our results using the correlation functions directly, exponential fits in the hadronic phase, and the Maximum Entropy Method. These techniques all indicate that there is degeneracy in the parity partners' channels in the deconfined phase. This is in accordance with the expectation that there is parity doubling and chiral symmetry in the deconfined phase. In the hadronic phase, we also find that the nucleon ground state is largely independent of temperature, whereas there are substantial temperature effects in the negative parity channel. All results are obtained using our FASTSUM 2+1 flavour ensembles.
Introduction
Chiral symmetry in the mesonic sector has been extensively studied at non-zero temperature [1] but, due to the extra level of difficulty, there have been few such studies in the baryonic sector. On the lattice, baryonic analyses have been confined to a quenched study of parity doubling [3] and screening mass studies at both zero [2, 3] and non-zero density [4] . The theoretical expectation is that when chiral symmetry is restored (as occurs above the deconfining temperature, T c ) parity partners in the baryon sector become degenerate.
In nature, at zero temperature (where chiral symmetry is broken) the positive parity nucleon state has mass M N = 939 MeV whereas its negative parity partner has a mass of M N * = 1535 MeV. The status of the parity channels above T c is not yet clear from experiment, but since protons are routinely measured in heavy-ion collisions, it is of great importance to study the pattern of parity doubling theoretically.
In this talk we study full QCD lattice nucleon correlators and their parity properties using a variety of techniques for temperatures in both hadronic and plasma phases. Full results appear in [5] , but we extend this work by including new Maximum Entropy Method (MEM) analyses [6] .
Nucleon Correlation Functions
We use one of the standard interpolation operators for the nucleon, i.e.
where u, d are the quark fields, a, b, c are colour indices, other indices are suppressed and C denotes the charge conjugation matrix. We can define positive and negative parity operators and their corresponding zero momentum correlators as
where the parity projector is P ± = 1 2 (1 ± γ 4 ) and the trace indicates the sum over Dirac indices, see [5] . For systems with chiral symmetry, a chiral rotation on the quark fields shows that the two parity channels are degenerate, and, up to overall minus signs [7] ,
where the temporal extent of the lattice is the inverse temperature, N τ a τ = 1/T . Using time reflection properties, G ± (τ) contains both parity channels each propagating either forwards or backwards in time. For this reason we consider G + (τ) only and denote this as G(τ) from now on. mass is tuned to the physical value [9] ; and T c is determined via the renormalised Polyakov loop. Details of these ensembles are available in Refs. [10] [11] [12] .
We use Gaussian smearing for the sources and sinks [13] tuned to give the best signal for the positive parity ground state at the lowest temperature. Our links are APE-smeared and we use Chroma software [14] to calculate the correlation functions. Details of our procedures are in [5] .
Results
The nucleon correlators are shown in the left pane of Fig. 1 as a function of τT for the various temperatures. In our case, the +(−) parity states propagate forwards(backwards) in time. The data points corresponding to the minimum of G(τ) within errors are highlighted with a shaded rectangle. As can be seen, for T ∼ < T c this minimum region is clearly not at the central point, τT = 1 2 , whereas for T ∼ > T c it is. Therefore, even from direct studies of the correlators without any fitting procedure, there is evidence that the parity partners in the nucleon spectrum become degenerate for T ∼ > T c .
This analysis is further underlined in right panes of Fig. 1 where correlators for the hottest and coldest temperatures are shown separately for the forward (+ve parity) and time-reflected backward (−ve parity) parts of the correlators. The (identical) lines in both graphs are a guide to the eye and again show clear parity breaking at low temperatures and indicate parity doubling at high temperatures.
To study the onset of parity doubling, we define the ratio of correlation functions [3] ,
Note that at the central point, R(
is naturally between 0 and 1: in the highly non-degenerate case where the +ve and −ve parity masses satisfy M + M − we have R(τ) ≈ 1 (for τ = as explained above.) As the temperature increases, the ratio decreases and is very close to zero for T ∼ > T c , signally parity doubling. In order to quantify parity degeneracy further, we consider the average ratio R, defined as
where σ (τ) is the statistical error in R(τ) and τ n = na τ . Again, R ≈ 1 signals a parity broken phase and R ≈ 0 a parity-doubling phase. Figure 2 (right pane) plots R showing a clear crossover behaviour matching our earlier findings of parity doubling at T ≈ T c . For T < T c , we fit the correlators to standard exponentials obtaining the masses shown in Table  2 which agree with the results from [15] obtained using variational fitting techniques. At the lowest temperature, these masses are higher than in nature, but this is presumably due to our quarks being unphysically heavy [9, 15] . From the fit results, M + has very little temperature dependence whereas M − does. Above T c , exponential fits are found to be unreliable, presumably due to the ground states no longer being well-defined particles. We include in the table the dimensionless ratio, T and that ∆ then reduces, albeit within large systematic errors due to the difficulty of performing exponential fits in the negative parity sector at high temperature. Further analysis can be made by spectrally decomposing the correlator G(τ),
see [16] for details. We can extract the spectral functions ρ ± (ω) for the ±ve parity states from the MEM [17] using an extended integration domain and a modified kernel, K(ω, T ),
where
Details of this procedure will appear shortly [6] , but we show our main results in Fig. 3 where the spectral functions are plotted for various temperatures. The MEM analysis confirms the above picture of a parity non-degenerate phase for T ∼ < T c with parity doubling, i.e. ρ + (ω) ≈ ρ − (ω), for T ∼ > T c . We also confirm the results for the ground state masses, M ± , from the exponential fits (see Table 2 ). We note that the results shown in this talk used smeared correlation functions, and thus it is crucial to confirm that no systematic effects are introduced by this procedure. These checks are performed in [5, 6] .
Conclusions
We have analysed nucleon correlation functions to determine if parity doubling occurs for temperatures above T c . We find evidence for this hypothesis by i) studying the correlators themselves, ii) fitting the correlators to exponentials, and iii) extracting the positive and negative parity spectral functions from an MEM analysis. Since deconfinement and chiral symmetry restoration are expected to occur around the same temperature [18, 19] , the observed parity doubling can be understood from the restoration of chiral symmetry in the quark-gluon plasma.
